A novel mineral-weathering bacterium was isolated from weathered rock (potassic trachyte) surfaces collected from Nanjing (Jiangsu, PR China). Cells of strain JN246
The genus Chitinophaga, originally described by Sangkhobol & Skerman (1981) , is the type genus of the family Chitinophagaceae (Kämpfer et al., 2011) . Kämpfer et al. (2006) reclassified four species, [Flexibacter] sancti, [Flexibacter] filiformis, [Flexibacter] japonensis and [Cytophaga] arvensicola, to the genus Chitinophaga and also described a novel species, Chitinophaga skermanii. Cells of members of the genus Chitinophaga are Gram-stain-negative, non-motile or motile by sliding, non-spore-forming rods and are oxidase-variable (Kämpfer et al., 2006; Chung et al., 2012) . At the time of writing, the genus Chitinophaga comprises 19 species with validly published names, including five recently described species, Chitinophaga cymbidii (Li et al., 2013) , Chitinophaga jiangningensis (Wang et al., 2014) , Chitinophaga polysaccharea (Han et al., 2014) , Chitinophaga taiwanensis (Lin et al., 2014) and Chitinophaga costaii (Proença et al., 2014) . In this study, polyphasic characterization of a mineral-weathering bacterium (strain JN246 T ) was performed. Phylogenetic analysis based on 16S rRNA gene sequences confirmed that strain JN246 T belonged to the genus Chitinophaga and may represent a novel species of this genus.
Strain JN246
T was isolated from the surfaces of weathered potassium-bearing rock using a dilution plating method on a sucrose-mineral salts medium. This medium contained (l 21 ): 10.0 g sucrose, 0.5 g yeast extract, 1 g (NH 4 ) 2 SO 4 , 2 g K 2 HPO 4 , 0.5 g MgSO 4 , 0.1 g NaCl, 0.5 g CaCO 3 and 15 g agar. Strain JN246
T was able to weather the rock made of feldspar. Mineral dissolution experiments showed that the amounts of Fe, Al and Si released from the feldspar by strain JN246
T were 11.4-fold, 42.5-fold and 1.6-fold greater than the uninoculated controls, respectively (Fig. S1 , available in the online Supplementary Material). The strain was routinely cultured on R2A agar medium for additional taxonomic experiments, and was maintained as a glycerol suspension (40 %, v/v) at -80 u C.
Cell morphology and the presence of flagella were examined by light microscopy (CX21; Olympus) and transmission electron microscopy (H-7650; Hitachi) with cells grown in R2A broth at 30 u C for 24 h. The Gram reaction was detected by using a bioMérieux Gram stain kit according to the manufacturer's instructions. Catalase and oxidase tests were performed according to the procedures of Cappuccino & Sherman (2002) . The physiological properties of strain JN246
T and related type strains, including Chitinophaga eiseniae YC6729 T , Chitinophaga terrae KP01 et al., 1995), xylan (Ten et al., 2004) , chitin (Singh et al., 1999) , and Tweens 20 and 80 (Atlas, 1993) . The reference strains C. eiseniae YC6729 T (DSM 22224) and C. terrae KP01 T were purchased from the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Germany), while C. jiangningensis JN53 T was from our laboratory; all strains were maintained on R2A agar. Enzyme activities and acid production from different carbohydrates were tested by using API ZYM and API 20E kits (bioMérieux), respectively, according to the manufacturer's instructions. Reaction to various substrates was tested by using API 20NE galleries (bioMérieux) and the Biolog GN2 MicroPlate assays according to the manufacturers' instructions. Growth in R2A liquid medium at different temperatures (4, 15, 20, 25, 28, 37 and 42 u C) and at various pH (pH 4.0-11.0, at 0.5 pH unit intervals) was assayed after 5 days incubation. The various pH values were achieved by adjusting the pH of the media with NaOH and HCl before autoclaving. The buffers used to keep the pH stable for the R2A medium (each at a final concentration of 100 mM) were acetate (for pH 4.0-5.0), phosphate (for pH 6.0-8.0) and Tris (for pH 9.0-11.0). Growth on nutrient agar (NA), Luria-Bertani (LB) agar, MacConkey agar, tryptic soy agar (TSA) and R2A agar was also evaluated at 30 u C after 5 days incubation. Salt tolerance was tested in R2A broth supplemented with 0-6 % (w/v) NaCl (at 0.5 % intervals) after incubation for 5 days at 30 u C. Gliding motility was tested using the hanging drop technique as described by Bernardet et al. (2002) . Flexirubin-like pigments were observed by flooding the plates with 20 % (w/v) potassium hydroxide (Fautz & Reichenbach, 1980) .
T was Gram-stain-negative, aerobic and nonmotile. Cells were rod-shaped with a width of 0.5-0.6 mm and length of 2.1-2.6 mm (Fig. S2 ). Strain JN246
T was oxidase-and catalase-positive, and grew well on R2A, TSA, LB and NA but could not grow on MacConkey agar. Strain JN246
T was positive for flexirubin-type pigments. Physiological and biochemical characteristics of strain JN246
T are given in the species description and a comparison of different characteristics between strain JN246
T and the related type strains is shown in Table 1 .
Cellular fatty acids of strain JN246 T and the closely related type strains were determined by using colonies grown on R2A agar at 30 u C for 48 h aerobically. Fatty acid methyl ester mixtures were separated using the Sherlock Microbial Identification System (MIS) (MIDI; version 6.1) which consisted of a GC (6890N; Agilent) fitted with a 5 % phenyl-methyl silicone capillary column (0.2 mm625 m), a flame-ionization detector, an automatic sampler (7683A; Agilent) and a computer (Hewlett Packard). The results were compared with the database [Chrom-card (workstation version)] of fatty acids in the Sherlock MIS. Menaquinones were extracted and purified by the methods of Collins et al. (1977) and Tamaoka et al. (1983) and then analysed by HPLC (1100; Agilent) with a Zorbax EclipseXBD-C18.5 column (25064.6 mm). Polyamines were extracted by the method of Busse & Auling (1988) Minnikin et al. (1984) and separated by TLC on Merck Kieselgel 60-HPTLC. Aminolipids were analysed according to the method of Ross et al. (1985) . Phospholipids were detected according to the protocol of Dittmer & Lester (1964) . Glycolipids were tested with 1-naphthol spray reagent by heating at 100 u C for 3-5 min (Jacin & Mishkin, 1965) . Total lipid profiles were analysed by spraying with phosphomolybdic acid solution (Sigma-Aldrich) and then heating at 150 uC for 10 min.
The cellular fatty acid profiles of strain JN246 T and the type strains of related species of the genus Chitinophaga are shown in Table 2 . The major cellular fatty acids consisted of iso-C 15 : 0 (45.2 %), C 16 : 1 v5c (21.2 %), C 16 : 0 (10.1 %) and iso-C 17 : 0 3-OH (8.4 %). This profile was similar to that of other closely related members of the genus Chitinophaga. However iso-C 13 : 0 , anteiso-C 14 : 0 , anteiso-C 17 : 1 v9c, iso-C 18 : 0 , C 18 : 1 v9c and summed feature 5 (C 18 : 2 v6c and/or anteiso-C 18 : 0 B) were only detected in strain JN246 T . The major respiratory quinone of strain JN246
T was MK-7 and homospermidine was the major polyamine (Fig. S3) . Strain JN246 T exhibited a polar lipid profile consisting of phosphatidylethanolamine (PE) as the major component, together with unknown aminolipids (AL1-3) and unknown lipids (L1-2). Although strain JN246
T shared PE as the major polar lipid with C. eiseniae YC6729 T , unknown lipid L3 was not detected in strain JN246 T (Fig. S4 ).
For analysis of the 16S rRNA gene sequence, bacterial DNA was extracted using a Qiagen Genomic DNA kit. The 16S rRNA gene was PCR-amplified using universal primers (27F and 1942R) (Lane, 1991) according to the methods of Timke et al. (2005) and directly sequenced on an ABI 3730 sequencer (Invitrogen). Phylogenetic analysis was performed using the MEGA software, version 4.0 (Tamura et al., 2007) after multiple alignments of data using CLUSTAL_X software (Thompson et al., 1997) . Distances were calculated according to the distance options with Kimura's twoparameter model and clustering with the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution and maximumparsimony algorithms. Bootstrap values were determined based on 1000 replications (Felsenstein, 1985) . The neighbour-joining tree is shown in Fig. 1 ; the minimumevolution and maximum-parsimony trees are available as Figs S5 and S6. The DNA G+C content of strain JN246 T was determined by the thermal denaturation method (Marmur & Doty, 1962) using Escherichia coli K-12 as a reference. DNA-DNA hybridizations among the four strains, JN246 T , C. eiseniae YC6729 T , C. terrae KP01 T and C. jiangningensis JN53 T , were determined using a UV/VIS spectrophotometer (UV1201; Rayleigh) as described by De Ley et al. (1970) .
The 16S rRNA gene sequence of strain JN246 T (1512 bp) was obtained and subjected to similarity searches by using the sequence matching tool of the NCBI BLAST program (http://www.ncbi.nlm.nih.gov), Ribosomal Database Project II (http://rdp.cme.msu.edu/) and EzTaxon-e (http://eztaxone.ezbiocloud.net/; Kim et al., 2012) . Comparative 16S rRNA gene sequence analysis showed that strain JN246
T was most closely related to C. eiseniae YC6729 T (98.5 % 16S rRNA gene sequence similarity), C. terrae KP01 T (96.8 %), and C. jiangningensis JN53 T (96.3 %). In the neighbour-joining phylogenetic tree based on 16S rRNA gene sequences of strain JN246 T and recognized species of the genus Chitinophaga and other related species, strain JN246 T and these three closely related species formed an independent cluster with a bootstrap value of 84 % (Fig. 1) .
The genomic DNA G+C content of strain JN246
T was 48.8 mol%, similar to that of other closely related species in the genus Chitinophaga. DNA-DNA relatedness values of strain JN246
T with C. eiseniae YC6729 T (42.4 %), C. terrae KP01 T (31.7 %), and C. jiangningensis JN53 T (22.6 %) were lower than 70 %, the threshold value recommended for the assignment of genomic species (Wayne et al., 1987) . These results indicated that strain JN246
T represents a novel species of the genus Chitinophaga.
Phylogenetic analysis and phenotypic differences (Tables 1  and 2 ) clearly distinguish strain JN246
T from closely related species of the genus Chitinophaga. Based on the results from this polyphasic study, strain JN246
T represents a novel species of the genus Chitinophaga, for which the name Chitinophaga qingshengii sp. nov. is proposed.
Description of Chitinophaga qingshengii sp. nov.
Chitinophaga qingshengii (qing.sheng9i.i. N.L. gen. n. qingshengii of Qing-sheng, to honour Qing-sheng Fan, a Chinese soil microbiologist, for his contribution to the development of microbiology in China).
On R2A agar, colonies are yellow, circular, sticky and slightly convex. Cells are Gram-stain-negative, aerobic, non-motile, non-spore-forming rods (0.5-0.662.3-2.6 mm). On R2A medium, grows at 15-42 u C (optimum 28 u C) and with 0-3.5 % NaCl (w/v; optimum 1 %). The pH range for growth is pH 5.0-9.5 (optimum pH 7.0). Can weather feldspar to release Fe, Al and Si from feldspar. Catalase-and oxidase-positive. Nitrate is not reduced to nitrite or nitrogen gas. Hydrolyses aesculin, CM-cellulose, tyrosine, gelatin, urea and Tweens 20 and 80, but not starch, casein, chitin or xylan. In the Biolog GN2 MicroPlate positive reactions are observed for raffinose dextrin, N-acetyl-D-glucosamine, cellobiose, adonitol, D-fructose, L-fucose, gentiobiose, a-lactose, lactulose, maltose, melibiose, D-mannose, methyl b-D-glucoside, Lrhamnose, sucrose, trehalose, turanose, monomethyl succinate, a-ketovaleric acid, propionic acid, L-alanyl glycine, Lasparagine, L-aspartic acid, L-glutamic acid and L-threonine. Utilizes D-mannose, N-acetyl-D-glucosamine, maltose and potassium gluconate (API 20NE) as single carbon sources. Indole and H 2 S are not produced. With the API ZYM system, positive results for esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, alkaline phosphatase, N-acetyl-b-glucuronidase, naphthol-AS-BIphosphohydrolase, cystine arylamidase, trypsin, a-mannosidase, b-galactosidase, a-glucosidase and b-glucosidase activities; negative results for a-fucosidase lipase, a-chymotrypsin, a-galactosidase and b-glucuronidase activities. The predominant menaquinone is MK-7 and the major polyamine Chitinophaga qingshengii sp. nov.
is homospermidine. The polar lipid profile contains PE, unknown aminolipids and unknown lipids. The major fatty acids (.10 % of total) are iso-C 15 : 0 , C 16 : 1 v5c and C 16 : 0 .
The type strain is JN246 T (5CCTCC AB 2014201 T 5JCM 30026 T ) which was isolated from the surfaces of weathered rock in Jiangning (Nanjing, PR China). The genomic DNA G+C content of the type strain is 48.8 mol%.
